on the effect of mild (35.0 to 35.9 o C) to moderate (34.0 to 34.9 o C) hypothermia as defined by the National Institute of Health and Clinical Excellence guideline on patients undergoing AAA surgery 16 . In addition, it is unclear whether the direction and magnitude of the detrimental effects of hypothermia are similar in major abdominal aortic reconstruction and other surgeries 17 .
In this study, we examined whether intraoperative hypothermia in patients undergoing open elective abdominal aortic surgery was predictive of postoperative in-hospital morbidity. We also assessed the magnitude of any such association, adjusted for possible confounders such as age, comorbidities and surgical complexity.
METHODS
The Queen Elizabeth Hospital is one of South Australia's large teaching and medical research centres. Approval was obtained from The Queen Elizabeth Hospital Human Research Ethics Committee (Approval No. 2012064 ). This was a retrospective cohort study of patients who underwent elective open infrarenal AAA repair between the year 2006 and 2011 in this hospital. Data were collected by linking the hospital electronic patient management system (HOMER) (McDonnell Douglas Information Systems, London, Uk), the operating room information system (ORMIS) (version 7.52. 1002, CSC, Falls Church, VA, USA), Australian Outcomes Research Tool for Intensive Care (AORTIC) (version 9.2.3, Australian and New Zealand Intensive Care Society, Melbourne, VIC) and transfusion medicine database (ULTRA™) (version 2.5AGB, General Electric, Fairfield, GT, USA). Patients were linked based on unique identifiers such as unit record number, date of birth and date of hospital admission. The intraoperative temperature was measured using a nasopharyngeal probe and the average reading over the last hour of surgery (when the core temperature is likely to have stabilised) 18, 19 was manually collected from the paper-based anaesthetic record of each patient. It is a standard practice in this hospital to use a combination of an intravenous fluid warmer and upper body forced-air warming device and a cell saver in all patients undergoing aortic reconstructive surgery. Suprarenal aneurysm surgery and data mismatch between the electronic information systems were excluded.
The final dataset included the following variables: patient demographics, the mean temperature during the last hour of surgery, duration of surgery, duration of anaesthesia, hospital LOS, intensive care unit (ICU) LOS, duration of postoperative intubation and assisted ventilation (including non-invasive ventilation), duration of inotrope requirement, total blood products transfused and postoperative complications such as hypotension, acute renal failure, acute respiratory complications, acute myocardial infarction, postoperative infection, nausea and vomiting and delirium.
Statistical analysis
Patients were categorised and analysed according to the following definition, a hypothermic group (<36 o C) and a normothermic group (≥36 o C) 16 . To test for associations between intraoperative temperature and binary patient outcomes (i.e. disease presence/ absence), univariate logistic regression models were fitted, with effects described as odds ratios and 95% confidence intervals (CI). To test for associations with count patient outcomes (number of or time to), negative binomial regression models were fitted to the data with effects described as ratios of means and 95% CI. Where the association between intraoperative temperature and patient outcome was statistically significant on univariate analysis, a multivariate model was explored. In these models adjustment was made for age, duration of anaesthesia, size of the aneurysm, American Society of Anesthesiologists physical status and transfusion requirements (total of red blood cells, platelets, fresh frozen plasma and cryoprecipitate).
In addition to an analysis of intraoperative temperature categories, we also explored associations treating temperature as a continuous predictor of patient outcome. A negative binomial regression was fitted using maximum likelihood, and the regression line showing relationship between ICU hours and intraoperative temperature was plotted at the mean value of all other covariates in the model. The relationship was calculated by: Time In ICU (hours)=exp(14.931-0.305*intraoperative temperature). All statistical calculations were performed using SAS version 9.3 (SAS Institute Inc, NSW, AU) with P <0.05 considered statistically significant.
RESULTS
From January 2006 to January 2011 there were 119 patients who underwent elective open infrarenal AAA repair. Of these, 11 (9.3%) records were omitted due to the lack of documentation of intraoperative temperature. Six (5.0%) more patients were excluded due to mismatch in linking the electronic databases, thus leaving 102 (85.7%) patients for analysis.
Characteristics of patients undergoing open infrarenal AAA surgery
The majority of patients were male (82, 80.39%) and the mean age was 71.8±6.9 years standard deviation. The duration of anaesthesia was 243±69 minutes and the duration of surgery was 196±62 minutes. The mean size of the aneurysm was 5.7±0.9 cm. The main medical comorbidities were hypertension (68, 66.6%), chronic heart disease (45, 44.1%), chronic airway disease (37, 36.2%), diabetes mellitus (14, 13 .7%) and chronic renal disease (9, 8.8%).
The mean intraoperative temperature of all patients together was 35.6±0.6 o C (range 34.2 to 36.9 o C). The majority of patients had intraoperative hypothermia of <36 o C (66, 64.6%). However, hypothermia <35 o C was less frequent (16, 15 .7%).
The most common postoperative complication was haemorrhage (56, 54.9%), followed by infection (24, 23.5%), hypotension (19, 18 .6%), acute respiratory failure (14, 13 .7%), acute renal failure (10, 9.8%), nausea and vomiting, delirium and acute myocardial infarction (5, 4.9%). The mean hospital LOS was 284±176 hours (11.8±7.3 days) and the mean ICU LOS was 64.8±55 hours (2.7±2.3 days). The mean duration of postoperative intubation and PPV in ICU was 18.3±33.6 hours.
Intraoperative temperature as a categorical predictor (<36 vs ≥36 o C) of outcomes
Intraoperative temperature <36 o C was not predictive of any postoperative complication such as acute renal failure, acute myocardial infarction, postoperative infection, postoperative nausea and vomiting and delirium ( Table 1) . As cryoprecipitate and platelet transfusions were less frequent than red blood cells and fresh frozen plasma, the variables were re-categorised into 0 vs ≥1 and analysed as binary outcomes. The model failed to converge for cryoprecipitate and showed no statistical difference for platelets between the two groups.
In the normothermic group, the number of hours in the ICU was 41% lower (ratio of means=0.59; 95% CI 0.45 to 0.78; P=0.0002). Normothermic patients had a significantly shorter duration of postoperative intubation and positive pressure ventilation (PPV) (ratio of means=0.56; CI 0.32 to 0.99; P=0.04).
There was no association between intraoperative temperature and hospital LOS and the requirement of postoperative vasopressors and inotropes. The transfusion requirements of red blood cells and fresh frozen plasma were similar between the two groups.
Intraoperative temperature as a predictor of ICU lengthof-stay
In the multivariate model, an intraoperative temperature ≥36 o C was associated with a 35% lower mean time spent in ICU (ratio of means=0.65; 95% CI 0.51 to 0.84; P=0.001). Aneurysm size and transfusion were also other significant predictors of time spent in the ICU. The multivariate model failed to predict any association between intraoperative temperature and the duration of intubation and PPV.
Intraoperative temperature as a continuous predictor of outcomes
When the intraoperative temperature range between 34.2 and 36.9 o C was analysed as a continuous variable, it was found that for every one-degree increase in intraoperative temperature, the time in the ICU was 31% lower (ratio of means=0.69; 95% CI 0.55 to 0.88; P=0.002). The intraoperative temperature was not significantly associated with any of the other outcome measures, as with the categorical analysis (results not shown).
In the multivariate model, intraoperative temperature was found to be significantly associated with time in the ICU, with a one-degree increase in intraoperative temperature associated with a 26% lower mean time spent in ICU (ratio of means=0.74; 95% CI 0.61 to 0.89; P=0.003). Aneurysm size and transfusion were also statistically significant predictors (P <0.05) of time in ICU in the multivariate model. Table 4 shows the impact of a one-degree increase in operative temperature on the time spent in ICU, when setting the other variables in the multivariate model equal to their mean value. Figure 1 shows that time in ICU is associated with temperature in a non-linear fashion as indicated by the slight curve in the dotted regression line. Given the sparsity of data and the large amount of scatter evident in the plot, the standard approach of assuming the linear association between the intraoperative temperature and the natural logarithm of the time spent in ICU was taken.
DISCUSSION
The National Institute of Health and Clinical Excellence defines hypothermia as a temperature less than 36 o C 16 . Our study showed that inadvertent intraoperative hypothermia is common (64.6%) in open AAA repair, despite routine warm air and fluid warming. This illustrates the difficulty in achieving the clinical standard of maintaining normothermia in these patients. In this study we did not find that mild intraoperative hypothermia was associated with higher postoperative morbidity such as transfusion requirements, wound infections and hospital LOS. Only ICU LOS was significantly different between the hypothermic and normothermic groups. However, it is possible that our methodology, sample size and lack of statistical power could have precluded identifying true differences in adverse outcomes between the groups.
There are only a few studies addressing the impact of hypothermia in patients undergoing major vascular surgery. A previous study has shown a link between hypothermia and myocardial complications in highrisk patients including major vascular procedures such as in this study 10 . However, such an effect was not observed in this study, possibly due to the lack of statistical power. Anaesthesia and sedation may attenuate the myocardial effects of hypothermia 10 . It may be possible that our hypothermic patients were sedated to allow rewarming prior to extubation rather than after extubation. This is supported by a clinically significant longer duration of intubation and PPV in the hypothermic group.
An earlier report on elective AAA repair showed that hypothermia defined as <34.5 o C is associated with higher morbidity and organ dysfunction 15 . As there were very few patients in this category (4, 3.9%) in this study, the outcome of patients with temperature <34.5 o C cannot be compared. Similarly, it would be difficult to compare and comment on the outcome of patients with intraoperative temperature from 34.5 to 36 o C between the two studies.
There was an association between intraoperative temperature and ICU LOS in this study, as the normothermic group had a 35% (22.7 hours) shorter ICU LOS as compared to the hypothermic group. This should be interpreted with caution as all the other variables turned out to be 'not significant'. In an attempt to get a better (non-confounded) estimate for the association between intraoperative temperature and ICU LOS, potential confounders were prespecified based on the biological plausibility and adjusted in the multivariate model. Aneurysm size and transfusion requirements were found to be significant confounders. However, we cannot confidently exclude all the confounding variables accounting for the increased ICU LOS, since the study did not have sufficient statistical power. Conceivably, it makes it hard to explain how a difference in temperature of 1 o C would increase ICU LOS independent of other variables including both pre and intraoperative predictors. However, this association between intraoperative hypothermia and ICU LOS is worthy of further investigation.
Various factors may play a role in maintaining normothermia in open AAA procedures. Some of them would include prolonged laparotomy, difficulty in warming the lower half of the body, aneurysm size, blood transfusion and the use of cell saver 3, 4 . Hence, an intraoperative temperature value of <36 o C is a result of numerous factors and thus not an independent variable. Combined forced-air and intravenous fluid warming is less successful in maintaining the core body temperature ≥36 o C in this subgroup. As suggested by the National Institute of Health and Clinical Excellence guidelines, perioperative temperature management in high-risk surgery should be rigorously followed. Preoperative warming should be initiated when the oral temperature is below 36 o C 8 . Whenever possible, these patients should be warmed for a minimum of 20 minutes with forced-air warming devices prior to induction 8 . In addition to using forced-air warming devices, the use of resistive heating mattress (Inditherm Patient Warming System, Rotherham, Uk) could be beneficial 20 . Warming could be applied using these mattresses, at half or three-quarter lengths so that the legs are spared. Alternatively, if the full length mattress is used, it may be turned off temporarily during the aortic cross-clamp time to avoid heating the ischaemic lower body and limbs. The effectiveness of the combination of a forced-air warming device and an Inditherm patient warming mattress in AAA repair needs further investigation. An anaesthetised patient is prone to heat loss during the transfer to the ICU. Furthermore, the time spent in the ICU on achieving normothermia is difficult to define since it depends on factors such as the ambient temperature, warming techniques, postoperative complications such as haemorrhage, fluid and blood transfusion etc. The option of warming these patients to 36°C before transferring them to the ICU may be considered in specific situations, if feasible.
Limitations
This is a small, non-randomised, retrospective study in a single anaesthetic unit, with only 85% of case notes available for analysis and not formally powered to detect pre-defined clinically important differences. In addition, by testing multiple outcomes, the probability of a Type 1 statistical error is increased. Other potential confounders such as postoperative haemorrhage were not included in the multivariate analysis, although surrogate markers such as transfusion requirements were used. Since every single institution has its unique surgical and demographic mix, the conclusions should be interpreted with caution when applied to other settings. Marginal variations of warming strategies and the accuracy of temperature measurements are other limitations of this study.
CONCLUSION
Intraoperative hypothermia is common during open AAA repair, despite the use of routine measures to prevent hypothermia. While it was not associated with increases in postoperative morbidity for the majority of adverse outcome measures in our study, it was associated with a longer ICU LOS. This association and its implications are worthy of further investigation.
